Program  milankovitch

c

c Gerrit Lohmann, 2005


c

c------------------

c f77 mil.f

c a.out &

c------------------

c matlab

c load t.dat

c x=t(:,1);

c y=t(:,2);

c plot(x,y)

c grid

c xlabel(['  time/yr  ,  0 = 1950       '])   

c ylabel('W/m^2')

c title('Solar Radiation at 65N latitude in  June 15th  ')

c print -dps     mila.ps

c------------------

c these parameters can be modified:

          PARAMETER(rlatitude=65.0,month=6,nday=15)

c take the last 10^6 years, no years in the future (nfut=0) :

          PARAMETER(nyr=1000000,nfut=0)

c nres: time resolution 100 years:


nres=100


nnlk=(nyr+nfut)/nres


 open(10,file='t.dat')


do 999 ll=1,nnlk


   yrr=-real(nyr)+real(ll*nres)

           TOPS=0.0157 * BERGER(65.0,yrr,month,nday)

           write(10,88) yrr,TOPS

999     continue

88      format(1x,2f22.10)


STOP


END

C ----------------------------------------------------------------

C ---------------------------------------------------------------

      REAL FUNCTION BERGER(PHI,T,MA,JA)

C

C     PROGRAM ORIGINALLY DEVELOPED BY A. BERGER (1978)

C

C     DECRIPTION OF PROGRAM :

C     A.BERGER : A SIMPLE ALGORITHM TO COMPUTE LONG TERM VARIATIONS OF

C     DAILY OR MONTHLY INSOLATION

C     INSTITUT D'ASTRONOMIQUE ET DE GEOPHYSIQUE

C     UNIVERSITE CATHOLIQUE DE LOUVIAN

C     CONTRIBUTION NO. 18 (1978)

C

C     CHANGES IN PROGRAM BY M.LAUTENSCHLAGER (MPI HAMBURG, DEC. 1987):

C     - INPUT/OUTPUT REDUCED

C     - CALCULATION REDUCED TO DAILY INSOLATION ONLY

C     - PROGRAM REORGANIZED AS FORTRAN-FUNCTION

C

C     INPUT :

C     PHI - LATITUDE IN DEGREES

C           NORTHERN HEMISPH. : POSITIVE VALUES

C           SOUTHERN HEMISPH. : NEGATIVE VALUES

C     T   - TIME IN YEARS, NEGATIVE FOR THE PAST

C           (REFERENCE YEAR : 1950 A.D.)

C     MA  - MONTH IN SPECIFIED YEAR

C     JA  - DAY IN SPECIFIED MONTH

C

C     OUTPUT :

C     FUNCTION 'BERGER' GIVES DAILY INSOLATION IN KJ M(-2) DAY(-1)

C

C     EXAMPLE : BERGER(45.,0.,7,15) = 40304.05 KJ M(-2) DAY(-1)

C

C     ORBITAL PARAMETERS:

C     ADDITIONAL OUTPUT OF ORBITAL PARAMETERS IS POSSIBLE, SEE WRITE-

C     STATEMENTS MARKED BY 'CPPP'

C

C

      DIMENSION AE(19),BE(19),CE(19),AOB(18),BOB(18),COB(18),AOP(9),

     *BOP(9),COP(9)

C

C   CONSTANT

C

      PI=3.1415926536

      PIR=PI/180.0

      PIRR=PIR/3600.0

      STEP=360.0/365.25

      TEST=0.0001

C

C   1.EARTH ORBITAL ELEMENTS : ECCENTRICITY           ECC   TABLE 1

C***************************   PRECESSIONAL PARAMETER PRE

C                              OBLIQUITY              XOB   TABLE 2

C                              GENERAL PRECESSION     PRG

C                              LONGITUDE PERIHELION   PERH  TABLE 3

C

C              AMPLITUDE A  MEAN RATE B  PHASE C

C              THEY ARE IMMEDIATELY CONVERTED IN RADIANS

C

C

C   ECCENTRICITY

C

      NEF=19

      AE(1) =  0.01860798

      AE(2) =  0.01627522

      AE(3) = -0.01300660

      AE(4) =  0.00988829

      AE(5) = -0.00336700

      AE(6) =  0.00333077

      AE(7) = -0.00235400

      AE(8) =  0.00140015

      AE(9) =  0.00100700

      AE(10) =  0.00085700

      AE(11) =  0.00064990

      AE(12) =  0.00059900

      AE(13) =  0.00037800

      AE(14) = -0.00033700

      AE(15) =  0.00027600

      AE(16) =  0.00018200

      AE(17) = -0.00017400

      AE(18) = -0.00012400

      AE(19) =  0.00001250

      BE(1) =  4.2072050*PIRR

      BE(2) =  7.3460910*PIRR

      BE(3) = 17.8572630*PIRR

      BE(4) = 17.2205460*PIRR

      BE(5) = 16.8467330*PIRR

      BE(6) =  5.1990790*PIRR

      BE(7) = 18.2310760*PIRR

      BE(8) = 26.2167580*PIRR

      BE(9) =  6.3591690*PIRR

      BE(10) = 16.2100160*PIRR

      BE(11) =  3.0651810*PIRR

      BE(12) = 16.5838290*PIRR

      BE(13) = 18.4939800*PIRR

      BE(14) =  6.1909530*PIRR

      BE(15) = 18.8677930*PIRR

      BE(16) = 17.4255670*PIRR

      BE(17) =  6.1860010*PIRR

      BE(18) = 18.4174410*PIRR

      BE(19) =  0.6678630*PIRR

      CE(1) =  28.620089*PIR

      CE(2) = 193.788772*PIR

      CE(3) = 308.307024*PIR

      CE(4) = 320.199637*PIR

      CE(5) = 279.376984*PIR

      CE(6) =  87.195000*PIR

      CE(7) = 349.129677*PIR

      CE(8) = 128.443387*PIR

      CE(9) = 154.143880*PIR

      CE(10) = 291.269597*PIR

      CE(11) = 114.860583*PIR

      CE(12) = 332.092251*PIR

      CE(13) = 296.414411*PIR

      CE(14) = 145.769910*PIR

      CE(15) = 337.237063*PIR

      CE(16) = 152.092288*PIR

      CE(17) = 126.839891*PIR

      CE(18) = 210.667199*PIR

      CE(19) =  72.108838*PIR

C

C   OBLIQUITY

C

      XOD=23.320556

      NOB=18

      AOB(1) = -2462.2214466

      AOB(2) =  -857.3232075

      AOB(3) =  -629.3231835

      AOB(4) =  -414.2804924

      AOB(5) =  -311.7632587

      AOB(6) =   308.9408604

      AOB(7) =  -162.5533601

      AOB(8) =  -116.1077911

      AOB(9) =   101.1189923

      AOB(10) =   -67.6856209

      AOB(11) =    24.9079067

      AOB(12) =    22.5811241

      AOB(13) =   -21.1648355

      AOB(14) =   -15.6549876

      AOB(15) =    15.3936813

      AOB(16) =    14.6660938

      AOB(17) =   -11.7273029

      AOB(18) =    10.2742696

      BOB(1) = 31.609974*PIRR

      BOB(2) = 32.620504*PIRR

      BOB(3) = 24.172203*PIRR

      BOB(4) = 31.983787*PIRR

      BOB(5) = 44.828336*PIRR

      BOB(6) = 30.973257*PIRR

      BOB(7) = 43.668246*PIRR

      BOB(8) = 32.246691*PIRR

      BOB(9) = 30.599444*PIRR

      BOB(10) = 42.681324*PIRR

      BOB(11) = 43.836462*PIRR

      BOB(12) = 47.439436*PIRR

      BOB(13) = 63.219948*PIRR

      BOB(14) = 64.230478*PIRR

      BOB(15) =  1.010530*PIRR

      BOB(16) =  7.437771*PIRR

      BOB(17) = 55.782177*PIRR

      BOB(18) =  0.373813*PIRR

      COB(1) = 251.9025*PIR

      COB(2) = 280.8325*PIR

      COB(3) = 128.3057*PIR

      COB(4) = 292.7252*PIR

      COB(5) =  15.3747*PIR

      COB(6) = 263.7951*PIR

      COB(7) = 308.4258*PIR

      COB(8) = 240.0099*PIR

      COB(9) = 222.9725*PIR

      COB(10) = 268.7809*PIR

      COB(11) = 316.7998*PIR

      COB(12) = 319.6024*PIR

      COB(13) = 143.8050*PIR

      COB(14) = 172.7351*PIR

      COB(15) =  28.9300*PIR

      COB(16) = 123.5968*PIR

      COB(17) =  20.2082*PIR

      COB(18) =  40.8226*PIR

C

C   GENERAL PRECESSION IN LONGITUDE

C

      XOP=3.392506

      PRM=50.439273

      NOP=9

      AOP(1) = 7391.0225890

      AOP(2) = 2555.1526947

      AOP(3) = 2022.7629188

      AOP(4) = -1973.6517951

      AOP(5) =  1240.2321818

      AOP(6) =  953.8679112

      AOP(7) = -931.7537108

      AOP(8) =  872.3795383

      AOP(9) = 606.3544732

      BOP(1) =  31.609974*PIRR

      BOP(2) =  32.620504*PIRR

      BOP(3) =  24.172203*PIRR

      BOP(4) =   0.636717*PIRR

      BOP(5) =  31.983787*PIRR

      BOP(6) =   3.138886*PIRR

      BOP(7) =  30.973257*PIRR

      BOP(8) =  44.828336*PIRR

      BOP(9) =   0.991874*PIRR

      COP(1) = 251.9025*PIR

      COP(2) = 280.8325*PIR

      COP(3) = 128.3057*PIR

      COP(4) = 348.1074*PIR

      COP(5) = 292.7252*PIR

      COP(6) = 165.1686*PIR

      COP(7) = 263.7951*PIR

      COP(8) =  15.3747*PIR

      COP(9) =  58.5749*PIR

C

C   3.NUMERICAL VALUE FOR ECC PRE XOB

C************************************

C       T IS NEGATIVE FOR THE PAST   T IS IN YEARS

C

C     T=T*1000.0

      XES=0.0

      XEC=0.0

      DO 4 I=1,NEF

      ARG=BE(I)*T+CE(I)

      XES=XES+AE(I)*SIN(ARG)

      XEC=XEC+AE(I)*COS(ARG)

    4 CONTINUE

      ECC=SQRT(XES*XES+XEC*XEC)

      TRA=ABS(XEC)

      IF(TRA.LE.1.0E-08) GO TO 10

      RP=ATAN(XES/XEC)

      IF(XEC) 11,10,12

   11 RP=RP+PI

      GO TO 13

   12 IF(XES) 14,13,13

   14 RP=RP+2.0*PI

      GO TO 13

   10 IF(XES) 15,16,17

   15 RP=1.5*PI

      GO TO 13

   16 RP=0.0

      GO TO 13

   17 RP=PI/2.0

   13 PERH=RP/PIR

C

      PRG=PRM*T

      DO 5 I=1,NOP

      ARG=BOP(I)*T+COP(I)

      PRG=PRG+AOP(I)*SIN(ARG)

    5 CONTINUE

      PRG=PRG/3600.0+XOP

      PERH=PERH+PRG

   54 IF(PERH) 51,55,53

   51 PERH=PERH+360.0

      GO TO 54

   53 IF(PERH.LT.360.0) GO TO 55

      PERH=PERH-360.0

      GO TO 53

   55 CONTINUE

C

      PRE=ECC*SIN(PERH*PIR)

C

      XOB=XOD

      DO 6 I=1,NOB

      ARG=BOB(I)*T+COB(I)

      XOB=XOB+AOB(I)/3600.0*COS(ARG)

    6 CONTINUE

C

C   4.DAILY INSOLATION

C*********************

C

C       DAILY INSOLATION IN KJ M(-2) DAY(-1)

C                  IF SS IN W M(-2)

C                AND  TAU = 24*60*60 SEC / 1000

C

      SS=1353.0

      TAU=86.4

      SF=TAU*SS/PI

      SO=SIN(XOB*PIR)

      XL=PERH+180.0

CPPP

C     WRITE(6,6003) PHI

C6003 FORMAT(1X,"LATITUDE =",F6.1)

C     PERH=PERH+180.

C     WRITE(6,6000) T,ECC,PRE,PERH,XOB

C6000 FORMAT(1X,"TIME =",F10.1,3X,"ECCENTRICITY =",F8.5,/,20X,"PREC. PAR

C    *AM. =",F8.5,/,20X,"LONG. PERH. =",F7.1,/,

C    *1X,"(MEASURED COUNTERCLOCKWISE FROM VERNAL EQUINOX)",/,

C    *20X,"OBLIQUITY =",F7.3)

CPPP

C

C   4.2 CALENDAR DATE  MA-JA

C--------------------

C      ND  NUMBER OF THIS DAY IN A YEAR OF 365 DAYS

C      XLAM = MEAN LONG. SUN FOR TRUE LONG. = 0

C      DLAMM = MEAN LONG. SUN FOR MA-JA

C

      CALL NDAY(MA,JA,ND)

      XLLP=XL*PIR

      XEE=ECC*ECC

      XSE=SQRT(1.0-XEE)

      XLAM=(ECC/2.0+ECC*XEE/8.0)*(1.0+XSE)*SIN(XLLP)-XEE/4.0*(

     #.5+XSE)*SIN(2.0*XLLP)+ECC*XEE/8.0*(1.0/3.0+XSE)*SIN(3.

     #0*XLLP)

      XLAM=2.0*XLAM/PIR

      DLAMM=XLAM+(ND-80)*STEP

      ANM=DLAMM-XL

      RANM=ANM*PIR

      XEE=XEE*ECC

      RANV=RANM+(2.0*ECC-XEE/4.0)*SIN(RANM)+5.0/4.0*ECC*ECC*

     #SIN(2.0*RANM)+13.0/12.0*XEE*SIN(3.0*RANM)

      ANV=RANV/PIR

      TLS=ANV+XL

      CALL DAYINS(ECC,XL,SO,TLS,PHI,PIR,PI,TEST,SF,WW,DAYL)

CPPP

C     WRITE(6,6010) MA,JA,TLS

C6010 FORMAT(1X,"MONTH =",I3,3X,"DAY =",I3,3X,"TLS =",F7.1)

C     WRITE(6,6002) WW,DAYL

C6002 FORMAT(1X,"DAY INSOL. =",F7.0,1X,"KJ M(-2) DAY(-1) ",4X,"LENGTH DA

C    * =",F6.2,1X,"HOURS")

C

C 101 WRITE(6,6100)

C6100 FORMAT(//)

CPPP

      BERGER=WW

      RETURN

      END

C---------------------------------------------------------------

      SUBROUTINE NDAY(MA,JA,ND)

      DIMENSION NJM(12)

      DATA NJM/31,28,31,30,31,30,31,31,30,31,30,31/

      ND=0

      M=MA-1

      IF (M.EQ.0) GO TO 2

      DO 1 I=1,M

    1 ND=ND+NJM(I)

    2 ND=ND+JA

      RETURN

      END

C-----------------------------------------------------------

      SUBROUTINE DAYINS(ECC,XL,SO,DLAM,PHI,PIR,PI,TEST,SF,WW,DAYL)

C

C   OUTPUT : WW=LY/DAY  OR  KJ M(-2) DAY(-1)  DAYL=LENGTH OF DAY (HOURS)

C

      RPHI=PHI*PIR

      RANV=(DLAM-XL)*PIR

      RAU=(1.0-ECC*ECC)/(1.0+ECC*COS(RANV))

      S=SF/RAU/RAU

      RLAM=DLAM*PIR

      SD=SO*SIN(RLAM)

      CD=SQRT(1.0-SD*SD)

      RDELTA=ATAN(SD/CD)

      DELTA=RDELTA/PIR

      SP=SD*SIN(RPHI)

      CP=CD*COS(RPHI)

      APHI=ABS(PHI)

      ADELTA=ABS(DELTA)

C

C   SINGULARITY FOR APHI=90 AND DELTA=0

C   PARTICULAR CASES FOR PHI=0  OR  DELTA=0

C

      TT=ABS(APHI-90.0)

      IF ((TT.LE.TEST).AND.(ADELTA.LE.TEST)) GO TO 2

      IF(ADELTA.LE.TEST) GO TO 6

      IF(APHI.LE.TEST) GO TO 7

C

C   LABEL 2 : POLAR CONTINUAL NIGHT OR W=0  DAYL=0

C   LABEL 4 : POLAR CONTINUAL DAY

C   LABEL 3 : DAILY SUNRISE AND SUNSET

C   LABEL 6 : EQUINOXES

C   LABEL 7 : EQUATOR

C

      AT=90.0-ADELTA

      SPD=PHI*DELTA

      IF (APHI.LE.AT) GO TO 3

      IF (SPD) 2,3,4

    2 DAYL=0.00

      WW=0.00

      GO TO 5

    4 DAYL=24.00

      WW=S*SP*PI

      GO TO 5

    3 TP=-SP/CP

      STP=SQRT(1.0-TP*TP)

      RDAYL=ACOS(TP)

      DAYL=24.0*RDAYL/PI

      WW=S*(RDAYL*SP+CP*STP)

      GO TO 5

    6 DAYL=12.0

      WW=S*COS(RPHI)

      GO TO 5

    7 DAYL=12.0

      WW=S*COS(RDELTA)

    5 RETURN

      END

